The industrial structure strategy in China has to change to adjust new requirements, because of the economic development, industrial evolution, the policy of energy saving and greenhouse gas emissions constraints. This paper aims to explaining the relationships between the industrial structure and carbon intensity, the regional differences between provinces in China based on recent economic data, including internal industry structure, carbon emissions, industrial carbon productivity in different industry in 2001-2010 in China. The case in this paper mainly focuses on Tianjin, China. In this case, industry influent coefficient and industry carbon emission influent coefficient are measured. Meanwhile, four different categories are divided by measurement values, such as Low-impact and High-Carbon Emission Industry Sectors, Low-impact and Low-Carbon Emission Industry Sectors, High-Impact High-Carbon Emission Industry Sectors, High-Impact Low-Carbon Emission Industry Sectors. The important industry sectors and its development strategy in Tianjin are proposed and the priori analysis to the macroeconomic influence by industrial structure adjustment is given later. The results of priori analysis showed that: the important industry and its development strategy can reduce the carbon emission combining with several policies. The proposed policies in last part of this paper include
INTRODUCTION
The participants of 192 countries have committed themselves to reducing the emotions of carbon dioxide and other green gas to avoid "dangerous interference in the climate system" in the UN climate summit on 7th-18th, December 2009 (Gavin and David, 2009) ; however, the way to realize the above objectives is very difficult for policy-maker around the word. We are moving into the so-called Low-Carbon Economy Age in the world. Low Carbon Economy is a new form of social economic growth, which specialized in technological innovation, system innovation, industrial low-carbon adjustment and new energy development.
Although China has achieved rapid economic growth in recent decades, its policies prefer industrialization and *Corresponding author. E-mail: tju_zhen@163.com. Tel: (0086)18910890986. urbanization over environment production, which results in high resource input, high energy consumption, high pollution emission and serious environmental problem. The carbon emission of China shares the one of the word specific weight, 7.89% in 1981, but 21.01% in 2007. The changing trend is shown in Figures 1 and 2 . China faces significant pressure to reduce the emission of greenhouse gases.
It is very necessary to find the effective way to reduce the carbon emission, to fulfill the promise of reducing 40-50% energy consumption per unit of GDP at the end of 2050 in China. This study aims to examine the adjustment and optimized path of the Chinese industry structure in a joint Low-carbon analysis framework by using correlation analysis, matrix analysis and unique province-level economic and environmental data from 2001 to 2007.
The rest of the paper is organized as follows. Section 2 provides a literature review on the adjustment of industrial structure in low-carbon economy society. Section 3 presents methodology framework and the methods on correlation analysis, matrix analysis. Section 4 shows the data source and results of the provincial relationship between industry structure and carbon emissions, and as a typical old Industry City, Tianjin is chosen for the case study. Section 5 presents the policy enlightenment based on the above analysis.
LITERATURE REVIEW
In recent years, industry structure adjustment, as a way to release the contradiction between economic growth and environmental protection, has been widely considered by industry policy analysis and decision maker in China. Various existing studies on this topic in social science concentrated in the relationship between economic growth and indexes of environmental quality. The environmental Kuznets Curve has been widely studied by both theoretical and empirical perspectives; however, the debates on the EKC also gradually increased in recent years. The theoretical analysis can predict an inverted U curve for the dynamic relationship between pollution and economy, but not a fits-all shape curve, because of different data source and various function forms. Yu et al. (2011) studies the relationship between economic development, industrial structure and the carbon emissions, and the results show that there is an "N"-shaped relationship between the carbon intensity and per capita GDP. Still, other scholars studied in this field consistent with the findings that the proportion of secondary industry has a positive correlation with carbon intensity, that is, the higher the proportion of secondary industry, the higher the intensity of carbon dioxide emissions, and carbon emission is closely related to the secondary industry. Wang and Wang (2010) uses scenario analysis and the results show that if there is no adjustment of industrial structure and implementation of other policies, economic growth is hard to cause a dramatic decline in carbon intensity, and the target of CO 2 intensity discharge 40-50% in 2020 would be difficult to achieve. And as mentioned in the introduction that industrial structural adjustment needs to be a comprehensive analysis of carbon emissions and the contribution of industry, so this paper explores the different industrial carbon emission ratio and industrial contribution to GDP ratio based on the former scholars' research result, to determine the idea of industrial restructuring.
Many studies have shown that the industry structure adjustment is an important way to reduce the emission of CO 2 , especially the secondary industry, which is considered as the leading producer of CO 2 (Cole, 2008; Panayoto, 1997; Fisher Vanden et al., 2006; Talukdar and Meisner, 2001 . The purpose of China's current industrial structure adjustment and transformation is fast and well economy development. As China's market economy is not perfect, recent adjustment of industrial structure is mainly through the central governmentcontrolled industrial fixed assets investment and capacity investment. In 2010, China's State Council promulgated the "Industrial restructuring and Guidance Catalogue (2010)". Wang (2009) , in the analysis of the industrial structure of China's industrial conflict, figures out that in China "twelfth five-year" period, the core of the industrial restructuring is to solve our resources and environment problems unsustainable due to the long-term resident in the bottom of the energy value chain. Grossman and Krueger (1995) argued that economic growth affects the environment by expanding the scale of economic activity, altering the industry structure, and improving the techniques of production. Although, some have challenged this assertion (Jorgenson, 2007; Stefanski, 2009) . Many Chinese scholars (Shuai and Yuan, 2009; Liu and Feng 2010 ) study carbon emissions, and the results show that the industrial structure changing can be a good way to reduce the whole society carbon emissions, and industrial structure optimization is an important means of energy saving. But the author through correlation analysis of carbon emissions and industrial structure, using relevant data in [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] , found that carbon emission is related to industrial structure, but the relationship is not strong; meanwhile, there is obvious provincial heterogeneity in different regions of China, even negative correlation at the provincial level panel data. Therefore, consideration of industrial structure through carbon emissions alone is too unilateral.
While energy structure adjustment (reducing the use of primary energy including coal, oil, gas and other high carbon emission energy , developing clean energy, such as wind energy, biomass, solar) also can reduce the emissions of carbon dioxide (Jefferson, 2008) , and it helps a lot to promote the achievements of our energy reduction goals (Wei, 2007) . However, many studies have confirmed that industrial structural transformation is conducive to energy structure adjustment and energy efficiency. Xu and Jiang (2007) showed that industrial structure changes play the most important role in the improvement of energy efficiency in the United States. Meanwhile, Shi (2002) claimed the similar study in the area of China. However, Lin et al., 2010; Lin and Jiang 2009 , a scholar of Chinese Academy of Sciences put forward the opposite view, and he believes that there is little space for China's current emission reduction by changing the energy structure, and we should pay attention to other aspects of energy conservation efforts, such as industrial restructuring. Various kinds of energies possess obvious complementary, for example, high carbon emission energy can be alternated by clean energy. Yet, one industry cannot be substituted by the other one; there have no complementary. For example, the increase of logistics industry does not decrease the amount of oil and chemical industry. Therefore industry structure adjustment must also consider the level of economic development and market demand.
In summary, industrial structure adjustment is an important means for carbon emission reduction, and how to optimize the industrial structure for the better achievement of the carbon emission reduction, while ensuring steady economic development, is a problem worthy to study.
METHODOLOGY
The methodology framework of this study is mainly focused on correlation analysis and matrix analysis. The relationships between industrial structure and carbon emission among 28 provinces in China are analyzed by correlation analysis; meanwhile, matrix analysis is used to classify the industry sectors of a case to illustrate the key influence of each different category in order to propose special policies on industrial adjustment and optimized path.
Provincial industrial structure
Provincial Industry structure can be calculated by the proportion of provincial industry output value and gross domestic product. 
Estimation of carbon emission
China's provincial carbon emissions can be estimated using the following formula:
Where, C means total carbon emissions; E means the i-th fossil energy consumption, Table 1 . Carbon emission coefficients used in the different organization are not completely identical (Table 2) . This paper used these data published by the National Energy Commission.
Industrial influence coefficient
Defining A is direct consumption matrix, B is for the input-output full demand matrix (Leontief inverse), then
The industry influence coefficient can be calculated by 
Industrial influence coefficient of carbon emission
This paper defined industrial emissions influence coefficient as the impact on the national economy carbon emissions when there is a unit increase in the industry. A unit increase in an industry will lead to demand for other industries products, and the products are produced to meet the new demand; hence, there will be more carbon emissions. Therefore, the carbon emissions caused by a unit increase in an industry should be the sum of the volume exhausted by all industries to meet the requirement.
Define C is diagonal matrix composed of carbon productivity of various industries. 
CASE STUDY Provincial heterogeneity analysis -correlation between the carbon emissions intensity and industrial structure in major provinces
The panel data of China's 28 provinces from the year 2001 to 2008 are analyzed. The correlations between carbon emissions and three major industrial structure are obtained by software SPSS and the Associated Integrated Sequence (Table 3) . The relationship between industry development and carbon emission was examined and the results indicate that two-tailed test of variable association between the three industries and carbon emissions intensity is less than 1% from the national level, and there is significant correlation between the variables. The order of their correlation is as follows: secondary industry, tertiary industry and primary industry. Carbon emission is very sensitive to the increase of the proportion of secondary industry, and there is a strong positive correlation between them; while there is low sensitivity for primary industry and tertiary industry and a negative correlation. That is, the increase proportion of primary industry and tertiary industry could reduce carbon emissions.
Because of the heterogeneity in economic development and industrial structure in different provinces, there is a huge different correlation between carbon emissions and industrial structure. Industrial structure adjustment should take into account of the regional difference in low-carbon society in China. As shown in Table 3 , there is a significant negative correlation between the industry development and carbon emission in the provinces of Beijing, Tianjin, Henan, Shaanxi and Qinghai. Meanwhile Tianjin is a typical old industry city in China, and its industry development path is consistent with the overall development throughout China. Therefore this paper selects Tianjin as an example for analysis.
The economic and social development of Tianjin
Tianjin, one of China's four municipalities, is a famous international port and ecological city. Tianjin is in the center of Bohai Economic Circle, the largest coastal open city in North China, the cradle of modern industry, the shipping and industrial center in North China. Being China's fourth largest industrial base and the third largest foreign trade port city, Tianjin has a rapid development in recent years with the development of Binhai New Area according to the national policy since 2006.
Tianjin is an old industrial city and the property of the secondary industry is increased from 49.7% in 2000 to 60.1% in 2008, but it has a great decrease of 53% in 2009 (Figure 3) . The reason for the decrease is not clear; it could be due to the low carbon economy, and the relationship is what the author decided to inquire in this paper.
In the year 2009, the Government of Tianjin determined the eight competitive pillar industries, which are Aerospace Industry, Petrochemical Industry, Equipment Manufacturing, Electronic Information Industry, Bio-pharmaceutical Industry, New Energy and New Material Industry, Automobile Industry, Modern Metallurgical Industry and High-tech Textile Industry; and its production value accounts for more than 90% of the whole, especially Equipment Manufacturing Industry, Petrochemical Industry, Electric Information industry and High-tech Textile Industry which account for 49.9, 16.5, 15.1 and 12% separately (Figure 4) .
With the development of heavy industries, the energy consumption is increased year by year, however the energy consumption for 10000 yuan Value Added is decreased (Table 4) , which is opposite to the increase of industry output value. Whether is due to the changing of energy structure or not is an issue worth exploring.
Industry carbon productivity in Tianjin
Industry carbon productivity can expressed by the ratio of the industry's increase value and total carbon dioxide emissions volume, is the reciprocal of carbon intensity per unit of GDP. This indicator reflects the environment costs to be paid for in order to obtain a certain production. The measurement of industry carbon productivity of Tianjin in 2010 is shown in Table 5 .
According to the carbon emissions and various industries added value published in 2010 Tianjin Statistical Yearbook, the paper calculated the industry carbon productivity.
The paper did not calculate the carbon productivity of the primary industry and the tertiary industry, for they just published added value of industry sectors in the "Tianjin Statistical Yearbook"
When it comes to the carbon productivity of the secondary industry in Tianjin, the Mining and Washing of Coal industry got highest score, reaching 852.37, that is, in order to obtain one unit of industrial added value, it will lead to 852.37 unit carbon emissions. There is a considerable big environmental cost, and the main reason for the result is that the energy input for this industry production is the electricity, which is not a primary energy affecting carbon emissions; thus the industry's annual carbon emissions is just 0.02 tons of standard coal. Therefore, carbon productivity cannot well express the environmental costs of the industry, and just according to the coefficient to choose low carbon productivity industry for industrial adjustment is one-sided.
The paper calculated the industry influence coefficient and the industry carbon emissions influence coefficient of Tianjin Province in 2007 based on the data published in the "2007 Tianjin inputoutput table".
RESULTS
According to the methodology and data source, the paper calculates the industry influence coefficient and the industry carbon emissions influence coefficient of Tianjin in 2007, and then divided the industry into four category by using matrix analysis theory, as shown in Table 6 and Figure 5 , respectively.
The industries are classicized and listed in Table 7 However, relevant government department of Tianjin should focus on the industries out of ring A. Production and Distribution of Gas industry, Manufacture of Foods, Mining and Washing of Coal industry, Manufacture of Paper and Paper Products, Printing industry, Reproduction of Recording Media industry have low industry influence and high industrial carbon emissions influence, hence, there would be some measures to adjust or limit its development, such as introduction high-technology, increase its environment tax. high industry influence, so these industries should do more attention to decline its carbon emission by introduction progress improvement, energy structure improvement, new technology introduction and others to achieve more social efficient, environment efficient and benefit efficient.
POLICY ENLIGHTMENT AND DISSCUSION
With the rapid industrialization and urbanization, China is facing great challenges in meeting with the industrial structure imbalance related environmental and climate change issues. China's climate commitment has been focusing on carbon emission reduction, especially in large industry cities, and its policy proposal mainly focuses on the policies on industry structure, energy structure, energy intensity, carbon intensity. Despite the key policies and initiatives put forward by the general government, there are no specific instructions on how to develop the optimized path for various industry sectors of each province.
Using the matrix analysis, the results show that the industry sectors which out of Circle A have high carbon emotion and low industry influence as the objects to adjust. Based on our empirical findings, we proposed the following policy recommendations to Tianjin.
First, policy should aim to change the pattern of a large share of carbon-intensive industries which out of Circle A have high carbon emotion and low industry influence through industrial structural adjustments. It should promote the industrial sectors' innovation capacity and technical diffusion. The key aims in the upgrading of industrial structure should be a high degree of processing, high technology, high added value, and low carbon. Policy needs to promote the growth of the industries which in Circle A and have low carbon emotion and high industry influence, while maintaining economic growth.
Second, the measures adopted in industrial planning, tax policies, industrial standards, and environmental regulation must be conducive to industrial structural adjustments. Policy should encourage the use of energy saving and emission reducing technologies, and promote investment in clean energy and low-carbon technologies. Policy makers should develop low-carbon industries and promote the use of low-emitting and even zero-emitting technologies. Gradually, these recommendations can be used to build a low-carbon industrial structure. Third, the government should do put efforts on the optimization of industry layout and coordination of regional development. With the requirements of function areas construction, the relevant department should implement different industry policies to encourage the development of competitive industries to promote the development of other low-carbon emission industries. Meanwhile, the regional departments should actively cooperate with the government to guide the industries' rational and orderly transfer, and then form a reasonable industry structure in the whole Tianjin.
Fourth, there should be guiding policies on optimal allocation of resources to improve the quality of industry development, such as, government subsidies on backward and low-carbon industries, special protection on adopting low-carbon technology industries, special protection on knowledge-intensive and technologyintensive industries. Meanwhile, the government should implement policies which help fostering market players, improving the use of resource and enhancing intrinsic motivation of regional industry development.
Fifth, In the environment under the conditions of market economy, the adjustment of industrial structure has the character of endogenous, and to a considerable extent, the terminal requirements structure determines the regional industrial structure (Cai et al., 2011) . Government propaganda departments should vigorously promote lowcarbon economy to develop low-carbon awareness in daily life and guide people in low-carbon lifestyle and habits.
Finally, foreign direct investment and intervention by local governments reduced carbon dioxide emissions and improved China's environmental quality in a certain extent, but the government of Tianjin should implement a higher environmental standard to selectively utilize foreign direct investment and intervention.
When it comes to the whole China, policies of industrial structure adjustment should be broader and more instructive, rather than the specific local policies. Currently China's economy is still in post-industrialization with the economic growth mainly driven by manufacturing and heavy chemical-based industry, and the lower propriety of the tertiary industry, so that there will be an economic growth still relied on over-consumption of energy and resources. If China's future economic growth still by the over-reliance on investment-driven, then the proportion of secondary industry will continue to maintain a high level; so as to the little effect on industrial structure optimization, and because of the fixed assets investment to infrastructure, construction industry-based, will increase the pressure on resources and energy and the environment. It is hard to achieve the objection of low carbon economy. Technological progress, economic structure optimization, the use of non-fossil energy sources can decline the emissions of carbon dioxide, but, generally speaking, with the tertiary industry upgrade to a certain level, there will be more perfect infrastructure, a stabilize energy and resource demand for economic development, the decreased growth of energy-intensive industries, the increased proportion of high-tech and service industry sectors. Under the guidance of national macro industry policies, such as "the National Guiding Catalog of Industrial Structure Adjustment (2012)", each province should develop and implement self industrial structure restructuring and optimizing policies in line with the regional characteristics based on provincial differences and the analysis of this paper.
The other issue to be addressed by the Chinese government is about the establishment of independent regulatory authority and responsibility over emission. It would be set emission reduction obligations for various industry sectors of each province using the methodology framework of Tianjin in this paper. Meanwhile, in order to achieve a rebalance of industrial carbon emission, the emission reduction burdens should different between well-developed provinces and less-developed provinces, at the same time different according to the correlation analysis. Besides, one national industrial carbon emission reduction target over all industrial sectors, a separate reduction target should be formulated and outlined in provincial latest five-year plan. Ideally, the provincial emission cap for each industry sectors, provincial carbon trade scheme, provincial carbon footprint, domestic clean development mechanism (CDM) can be considered.
The conclusion drawn by this study has an important reference value for the government of Tianjin to adopt relative industry strategies, and also has an important academic value in terms of enriching industrial structure adjustment and optimized path in regional level in China. However, the research is still preliminary, and many aspects need further study. For example, in order to achieve the target of reducing carbon emission as our public commitment, we will not only need to speed up the paces of industrial structure adjustment, but also need to further improve energy efficiency, to strengthen energysavings management, to promote the exploration and utilization on renewable energy through the development of a variety of clean fuel technologies and to make use of various incentive policy instruments. study on industrial structure to promote the construction of ecological civilization" (Grant No. 08BJY004) and the fund of government consultation project "Research on emission reduction incentives of promoting energy structure adjustment and industrial upgrading".
